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Purpose: In response to the COVID-19 pandemic, the American Center for Reproductive Medicine (ACRM) transitioned its 
annual training in assisted reproductive technology (ART) from a hands-on, laboratory-based training course to a fully online 
training endorsed by the American College of Embryology. Here we describe our experience and assess the quality of an on-
line training format based on participant outcomes for the first three modules of a planned series of online ART training.
Materials and Methods: These modules included manual semen analysis, sperm morphology and ancillary semen tests (testing 
for leukocytospermia, sperm vitality, and anti-sperm antibody screening). The virtual format consisted of lecture presentations 
featuring laboratory protocols with corresponding video demonstrations of routine techniques and best practices. Practical 
scenarios, troubleshooting, and clinical interpretation of laboratory results were also discussed. At the end of each module, 
an optional multiple choice question test was held as a prerequisite to obtain certification on the topics presented. Course 
quality was assessed using participant responses collected via online surveys.
Results: The digital delivery methods used were found to have largely or completely met the participants’ expectations for all 
questions (>85%). The majority (>87%) of the participants either strongly agreed or agreed that the course content was well-
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Infertility affects between 2.5% and 12% of couples 
worldwide, with male factor infertility solely account-
ing for 20% to 30% and contributing to 50% of the 
overall infertility cases [1]. In the United States alone, 
infertility affects 9.5% of men [2]. The clinical evalua-
tion of male infertility is based on the semen analysis 
where the results can significantly influence the di-
agnostic interpretation and management. While many 
clinicians rely on semen parameters as a surrogate 
marker of a man’s ability to father a child, the results 
of semen analysis should, however, be interpreted with 
caution considering its inherent limitations [3,4].
A properly performed semen analysis and an ad-
equate clinical examination of the male along with 
questions regarding current medical conditions and 
lifestyle circumstances that could affect sample quali-
ty, can provide valuable information related to a man’s 
fertility potential. This information facilitates a better 
understanding of the physiology of the reproductive 
organs and the underlying causes of dysfunction [5-
7]. However, manual semen analysis has its inherent 
challenges associated with high subjectivity, lack of 
standardization, inadequate quality control and quality 
assurance, as well as inadequate assessment of compe-
tency, and training of laboratory personnel performing 
the test [7,8]. Unlike sperm concentration and motil-
ity, sperm morphology has even more subjectivity in 
reporting the results, with increased intra- and inter-
variability [8-10]. Therefore, quality control is imminent 
in preventing such variations and retaining uniformity 
in all assessments by all operators. This includes pre-
analytical (test requisition, correct sample collection, 
delivery of sample), analytical (mixing and loading of 
sample, correct preparation of smears or calculation of 
results), and post-analytical (correct reporting of results 
to the clinician) indicators. To minimize errors, daily, 
weekly, or monthly quality control of reagents and 
equipment is imperative. It is also important to identi-
fy and document the sources of error in sperm concen-
tration, motility, and morphology. Several factors are 
responsible for variation in the results of sperm mor-
phology, including differences in the methods used to 
prepare and stain specimens, differences in proficiency 
among technicians, and inherent differences in classifi-
cation criteria and methods [11]. Thus, it is essential to 
have step-by-step protocols (Standard Operating Proce-
dures), conduct training, and assess the performance of 
laboratory personnel using proficiency testing material 
and test competency assessments at regular intervals 
[6,12].
Hands-on laboratory training sessions are critical to 
grasp an understanding of safe laboratory practices, 
correct use and setup of the microscopes, learn step-
by-step methodology to conduct a proper semen analy-
sis, and to troubleshoot possible errors. Furthermore, 
it should also encourage the trainee to participate 
in interactive discussion and teaching sessions. The 
performance of the trainee in semen analysis can be 
successfully evaluated by both the assessment of com-
petency in adequately performing semen analysis and 
the assimilation of information delivered by multiple 
choice question (MCQ). In the past eighteen years that 
the hands-on assisted reproductive technology (ART) 
training program has been running at the American 
Center for Reproductive Medicine (ACRM), over 200 
candidates from more than 45 countries have been suc-
cessfully trained. ACRM’s ART training program fo-
cuses on teaching candidates the newest practical tech-
niques in both routine and advanced andrology. The 
Case Western Reserve University has recognized this 
ART training program with a Scholarship in Teaching 
Award. Most trainees found the program to be invalu-
able in terms of theoretical background and hands-on 
guidance, received by expert instructors at a pace that 
structured with appropriate depth, and that their overall expectations of the course had been met.
Conclusions: This training format appears to be a realistic teaching option to freely share highly specialized expertise and 
technical knowledge with participants from anywhere in the world with varying levels of competency or experience.
Keywords: Andrology; Education, distance; Semen analysis; Surveys and questionnaires
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was best suited for their individual abilities.
However, during the COVID-19 pandemic with all 
its accompanying restrictions, the hands-on labora-
tory training had to be converted to a virtual training 
model (format) that utilizes PowerPoint presentations 
along with video demonstrations of the laboratory 
techniques presented by course speakers. The target 
participants for these virtual ART training courses in-
cluded laboratory technologists, embryologists, under-
graduate students, andrologists, and medical graduates 
among others.
The objective of this study is to evaluate the quality 
of the first three modules 1A, 1B, and 1 of the virtual 
training course on semen analysis based on the partici-
pants’ responses to an online survey.
MATERIALS AND METHODS
1.  Online assisted reproductive technology 
training: participant registration
The first 3 sessions of the virtual ART training pro-
gram focused on manual semen analysis (Module 1A), 
sperm morphology (Module 1B), and ancillary semen 
tests (Module 1). Participants registered free of cost for 
each module by completing a short Google Form, where 
they were asked to fill in their personal details as well 
as a certified identification document to verify partici-
pant credentials. Besides being a user-friendly method, 
Google Forms was the most suitable approach as it au-
tomatically generates graphs and a comma-separated 
value (CSV) file containing all the responses collected. 
The link for registration via Google Form was posted 
on different platforms including LinkedIn, Facebook, 
Instagram, and WhatsApp. Following registration for 
each module, participants were included into Whats 
App groups, formed to serve the respective number of 
participants. WhatsApp was used as the main com-
munication platform to inform participants about the 
training and for direct communication with the course 
coordinators in potential queries or further guidance 
on the course. Moreover, all documents pertaining to 
course organization were posted on WhatsApp in Eng-
lish and translated in Spanish, Persian, Portuguese, 
French, and Arabic by a team of 9 international coor-
dinators to provide information that was easily under-
stood, particularly for candidates who were not native 
English speakers. However, as the course content was 
entirely in English, having the English language as a 
first or second language was a pre-requisite for all par-
ticipants. Informative videos or audio messages were 
recorded as short clips to facilitate the receipt of the 
information.
2. Reading material
Scientific literature, including reviews, original stud-
ies, guidelines, and protocols, were made available in 
advance to all registered participants in a Dropbox 
folder. Participants were highly encouraged to read the 
shared documents before attending the corresponding 
training session. The access link to the relevant folder 
was shared in the description box of each WhatsApp 
group. For Module 1A, the reading material covered 
topics such as spermatogenesis, the importance of ba-
sic semen analysis in the diagnostics of male infertil-
ity, the impact of COVID-19 on performing laboratory 
procedures, and the importance of quality control in 
an andrology laboratory. For Module 1B, topics in-
cluded the importance of sperm morphology evaluation 
in clinical practice, the technical challenges associ-
ated with sperm morphology evaluation, the staining 
techniques used, the importance of a quality control 
program in morphology evaluation, and the role of 
sperm morphology evaluation in ART setting. Finally, 
the reading material provided for Module 1 included 
testing for leukocytospermia, sperm vitality, anti-
sperm antibody screening, azoospermia, post-vasectomy 
screening, retrograde ejaculation, and sperm count.
3. Training sessions
Online training sessions were conducted using the 
Cisco WebEx platform. Detailed and step-by-step in-
structions about how to connect through this platform 
were shared with all registered participants via Whats 
App. Before each training session, 2 “practice sessions” 
were organized to allow participants to familiarize 
themselves with using the WebEx platform and to 
solve any possible technical issue that arose. During 
these practice sessions, coordinators were available to 
answer any of the participants’ questions about the use 
of this platform and to provide technical support. The 
link to the training session was shared in the Whats 
App group one day before the official commencement 
of the course. The training sessions for Modules 1A, 1B, 
and 1 were conducted on November 10, 2020, December 
8, 2020, and January 12, 2021, respectively. These live 
sessions were hosted on the WebEx platform with a 
https://doi.org/10.5534/wjmh.210075
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maximum capacity of 1,000 participants. An additional 
streaming link was provided to the participants who 
were not able to join directly via WebEx.
4. Objectives of training modules
The objectives of Module 1A were first to recognize 
essential steps for the reproductive labs and IVF (in 
vitro fertilization) clinics engaged in fertility testing 
as well as gamete cryopreservation to protect their 
patients and employees from COVID-19. Second, to pro-
vide knowledge and understanding of the importance 
pertaining to regular quality control and quality assur-
ance in the Andrology laboratory. In addition, trainees 
would acquire knowledge and understanding of con-
ducting a manual and automated semen analysis. The 
trainees were provided with information regarding the 
steps involved in laboratory procedures including the 
microscopic and macroscopic examination. The trainees 
were also given lectures by a specialized clinician to 
help them understand the reference ranges for normal 
semen parameters and definitions of various categories 
of abnormal semen parameters.
The focus of Module 1B was the accurate assess-
ment of sperm morphology parameters. The speakers 
explained sperm morphology with its specific morpho-
logical features and a brief overview of the historical 
development and definition as ‘strict criteria’. The lec-
tures highlighted normal and most frequent abnormal 
morphological presentations of human spermatozoa, 
and their association with male fertilization potential 
as well as to certain andrological conditions.
The objectives of Module 1 were to summarize the 
significance of ancillary tests such as leukocytospermia, 
sperm vitality test and antisperm antibody test and 
highlight the use of specialized test such as nuclear 
fast red and picroindigocarmine (NF-PIC) staining in 
azoospermia samples for assessment of cryptozoosper-
mia (condition where sperm are not observed in fresh 
preparation, but only after centrifugation of the ejacu-
late) [6]. Another important objective was to develop 
an understanding of the applicability of these tests in 
a clinical setting. The lectures explained the relevance 
of each test by giving different laboratory and clini-
cal scenarios. Futhermore, the importance of quality 
control, quality assurance, and competency assessment 
were covered for all the ancillary tests. Finally, topics 
also covered the importance of screening and reporting 
of results in post-vasectomy patients as per the Ameri-
can Urological Association (AUA) guidelines [13].
5. Development of the lecture material
The lectures were prepared by each speaker with the 
support of the ACRM management team through ex-
tensive rounds of revision based on the feedback of in-
ternational collaborators and experts in male infertil-
ity and ART. Each lecture was prepared based on the 
most updated evidence published in the literature and 
citing currently available guidelines and regulatory 
standards, such as Code of Federal Regulations (CFR) 
and Clinical Laboratory Improvement Amendments 
(CLIA). Lectures were delivered in real-time with the 
exceptions of few speakers who were in a different 
time zone or having connectivity issue. In these cases, 
pre-recorded video of their lectures were projected dur-
ing the training sessions.
Protocols were illustrated and discussed in depth by 
showing images and videos recorded personally by the 
speakers to better present the routine laboratory prac-
tice and make the course participants feel as if they 
were live in the laboratory. Finally, practical labora-
tory and clinical scenarios were discussed along with 
troubleshooting and the clinical interpretation of labo-
ratory results.
6. Multiple choice question test
At the end of the two-hour training session, a link 
for an MCQ test was shared on each of the WhatsApp 
groups. The questions in the MCQ test were formu-
lated by the relevant expert speaker in each section, 
collated and populated on the Google Forms platform. 
These questions were then moderated and revised 
independently by two or more international expert 
collaborators who were not involved in the manage-
ment of the course. The aim of having the questions 
reviewed by independent experts was to help 1) main-
tain the standard of the questions and 2) ensure that 
the questions were clear, and easily understandable 
to a large international audience. The test included 40 
to 60 questions based on the contents of each online 
module. The time allotted for each test ranged between 
30 and 40 minutes, depending on the total number 
of questions in the test. The duration of the test was 
calculated considering 30 seconds per question, with 
additional time given for participants to provide their 
personal information (full name, email, country). Each 
question had only one correct answer, and no negative 
Ashok Agarwal, et al: Online Educational Model for Training in Semen Analysis
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Total across all 3 
Modules (n=2,444)
Age (y)
18–25 197 180 166 543
26–35 407 357 336 1,100
36–45 211 189 187 587
46–55 60 57 58 175
56–65 13 12 12 37
>65 0 1 1 2
Qualification
Undergraduate 15 17 12 44
BSc 189 184 185 558
MSc 281 258 249 788
MS 19 12 11 42
MD or MBBS 184 174 171 529
MVSc 8 7 7 22
PhD 101 87 86 274
DVM 9 6 1 16
Others 82 51 38 171
Vocation
Academic 31 70 60 161
Undergraduate student 38 35 30 103
Postgraduate student 83 77 73 233
Andrologist in training 33 20 25 78
Embryologist in training 109 98 94 301
Practicing andrologist 66 77 78 221
Practicing embryologist 237 205 209 651
Clinician 149 155 133 437
Others 142 59 58 259
Years of experience
<2 342 317 296 955
2–5 250 228 209 687
5–10 151 131 130 412
>10 145 120 125 390
Location 878 784 751 2,413
Africa 124 137 143 404
Asia 445 390 392 1,227
Australia 3 2 1 6
Europe 89 75 66 230
North America 37 32 25 94
South America 180 148 124 452
Total number of registered participants 1,337 1,173 1,136 3,646
Number of participants who attended the virtual training 1,002 901 826 2,729
Number of participants who took the online survey 888 796 760 2,444
Total number of participants who took the MCQ test 633 826 735 2,194
Total number of participants who passed the MCQ test 515 570 379 1,464
BSc: bachelor of science, MSc: master of science in medicine or surgery, MS: master of surgery, MD: doctor of medicine, MBBS: bachelor of medi-




marking was applied. In Module 1A, candidates passed 
the test if they scored more than 60%, while the pass-
ing score for Module 1B and Module 1 was increased to 
65% in view of the overall difficulty of the questions. 
Participants who achieved a passing score in the MCQ 
test for a particular module received a special certifi-
cate of participation from the course organizers.
7. Assessment of the module delivery surveys
At the end of the MCQ test, participants were asked 
to complete an online survey created on Google Forms. 
Completing this survey was a requirement for partici-
pants in order to obtain the certificate, provided that 
they scored a passing mark in the post-course MCQ 
test. The link for the survey was also shared on each 
of the WhatsApp groups. The survey was constructed 
for collecting demographic data of the participants and 
to evaluate 5 components of the online ART training 
modules: 1) participants’ evaluation of the application 
process and organization/handling of the course; 2) par-
ticipants’ evaluation of the technological tools (Dropbox, 
WhatsApp, WebEx) used during the course; 3) partici-
pants’ evaluation of the faculty and speakers; 4) self-
rating of knowledge pre- and post-online courses; and 5) 
self-reported benefits of attending the lectures. Survey 
results were used to improve the organization of the 
subsequent online module.
The survey questions were created and extensively 
revised by a team of international collaborators with 
expertise in teaching and learning, who were inde-
pendent of the course management. The same survey 
questions were submitted at the end of each session 
for all 3 ART modules, except those related to the self-
rating of knowledge pre- and post-online courses, as 
these questions were specific for the topics covered in a 
particular module.
8. Statistical analysis
Statistical analysis was performed using MedCalc 
statistical software version 19.7.4 (MedCalc Software 
bv, Ostend, Belgium). The answers were analyzed all 
together when the questions were common across all 
three modules, while answers for the self-rating of 
knowledge pre- and post-online courses were analyzed 
individually for each module. Some questions were op-
tional, hence numbers of participants in the modules 
might vary slightly. Descriptive statistics of the par-
ticipant cohort were represented as mean±standard de-
viation and median (interquartile range). Kolmogorov–
Smirnov test for normal distribution was used to 
understand the distribution of data variables. Wilcoxon 
test for comparison was used to compare pre and post 
self-reporting of the participants’ own performance 
based on the non-parametric distribution of data. A p-
value less than 0.05 was considered statistically signifi-
cant.
RESULTS
































































Fig. 1. Digital delivery methods rated 
by the participants according to their 
expectations. ART: assisted reproductive 
technology.
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participants from 60 to 64 countries. The demographics 
of the participants who answered the surveys for Mod-
ules 1A, 1B, and 1 are depicted in Table 1.
The primary reason for the participants having at-
tended the ART lectures was the same across all three 
modules, namely ‘to improve knowledge, skills, and 
expertise in the field of andrology, male reproduction, 
ART, and infertility’ (Modules 1A: 48.8%, 1B: 72.2%, 1: 
68.0%). Other reasons for wanting to attend the courses 
included: learning contemporary techniques (Modules 
1A: 8.1%, 1B: 10.5%, 1: 7.6%), the opportunity of obtaining 
a certificate (Modules 1A: 2.4%, 1B: 6.4%, 1: 8.1%) as well 
as for the chance to build a global network and career 
(Modules 1A: 0.4%, 1B: 1.7%, 1: 2.1%). Also, the main ex-
pectation from the online ART courses resonated well 
across all the three modules as ‘to gain a better under-
standing of basics as well as recent advances in the 
field of andrology and human reproduction’ (Module 
1A: 59.0%, 1B: 52.7%, 1: 69.3%).
The evaluation of the technological tools/digital de-
livery methods used during the online ART course in 
all three modules is illustrated in Fig. 1. More than 
85% of the participants responded positively that the 
digital delivery methods used had largely/completely 
met their expectations for all questions, except for the 


































































Fig. 2. Utility of the measures to facilitate 
the use of WebEx.
Choice of using Cisco WebEx










































Fig. 3. Rating of the delivery mode of the 
course by the participants.
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Similarly, the use of Dropbox for sharing written in-
structions, organization of practice sessions, sharing of 
the most frequently asked questions (FAQs), transla-
tion of the shared information into different languag-
es, creation of short informative video clips, and voice 
messages were rated as either useful or very useful by 
more than 80% of the participants (Fig. 2). Although 
sharing of information using various electronic plat-
forms was generally rated as very good or excellent 
by more than 80% of the participants, the preferred 
platforms appeared to be WhatsApp with a rating of 
86%, Dropbox (85%), and WebEx (81%) (Fig. 3). Overall, 
analysis of the responses related to the technological 
tools used in the online ART course showed that 51.7% 
of participants found this program to be very useful 
and the digital delivery methods had completely met 
their purpose. Moreover, 33.0% had found these tools to 
be helpful and very good, although 11.9% found them 
neutral and good.






































































































































Fig. 4. Rating of aspects that were important for the participants. ART: assisted reproductive technology, ACRM: American Center for Reproductive 

















































Fig. 5. Rating of the learning objectives 
and delivery of the course contents.
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lowing aspects of program as either very good or excel-
lent: 1) participants’ level of interest in participating in 
the modules, 2) experience preparing for the courses, 
3) course coordinators support, 4) ability to adjust to 
a completely online course, 5) timing and duration of 
the course, 6) choice of course faculty, 7) opportunity 
to ask questions, 8) level of interest to participate in 
future courses, 9) short videos about the lecture topics, 
10) lectures given by the ACRM faculty/guest speakers, 
11) discussion of updates in current clinical practice, 
and 12) MCQ assessments to improve learning (Fig. 4). 
The majority (>87%) of the participants gave ratings of 
either strongly agree or agree that the learning objec-
tives were clear, the course content was well-structured 
and had appropriate depth and that, as an overall, 
their expectations of the course had been met (Fig. 5).
Out of 2,444 participants, 28.0% found the applica-
tion process for the online ART Course to be straight-
forward, while it was perceived as complicated by 
29.7% of the participants. On evaluating the role of the 
Course Coordinators in organizing the current online 
ART course, 47.1% of candidates were in strong agree-
ment that the Course Coordinators helped stimulate 
their interest in the course content. While 58.1% of the 
participants strongly agreed that the Coordinators ef-
fectively used WhatsApp to share detailed information 
about the course, 51.0% found the Coordinators helpful 
in clarifying their doubts, 49.0% strongly agreed that 
the Coordinators were prompt in their feedback, and 
53.3% of candidates found them always approachable 
and courteous. Only about 3% of the candidates ap-
peared not to have been satisfied with the Coordina-
tors’ performance.
The self-reported increase in the participants’ knowl-
edge following participation in these online lectures, 
as per the ratings provided by the participants before 
and after the lectures, was highly significant (p<0.0001) 
for all modules (Fig. 6-8). The self-reported benefits of 
participating in all three online ART modules and the 
ways how the information gathered was self-reported 
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Lecture 1: Implementing COVID-19 safety procedures in an Andrology lab
: Daily quality control in an Andrology lab
: Manual semen analysis and WHO 2010 reference values
: Automated semen analysis
: Quality assurance and proficiency testing in an Andrology lab





Lecture 6 CCF 2021
Fig. 6. Knowledge rating before and 
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Lecture 1: Importance of strict criteria in assisted reproduction
: Sperm morphology: step by step protocol and quality control
: Sperm morphology evaluation by strict criteria











study are listed in Table 2. The top 3 benefits were 
recognized as a deeper knowledge of 1) Andrology, 
male reproduction, ART, and infertility; 2) good clinical 
practices in an accredited clinical Andrology laborato-
ry, and 3) contemporary techniques in Andrology/Em-
bryology. The participants stated that the information 
gathered from the modules would help them imple-
ment strategies and protocols in their own workplace 
and update their knowledge, amongst the other select-
ed options. Additionally, the participants became more 
familiar with clinical guidelines, laboratory protocols 
and correct interpretation of the results, implementing 
Table 2. Top self-perceived benefits of taking the course and the ways how the information gathered by the participants was self-perceived to 
help them in their line of work/field of study for all three online ART training modules
Top self-perceived benefits of taking the course No. of participants
Deeper knowledge of Andrology, male reproduction, ART, and infertility 1,987
Learn more about good clinical practices in an accredited clinical Andrology lab 1,417
Learn more about contemporary techniques in Andrology/Embryology 1,283
Opportunity to listen to talks from world-renowned scientists and/or clinicians 1,163
Opportunity to obtain a certificate endorsed by the American College of Embryology 986
Opportunity to aim for a year’s worth of free membership with the American College of Embryology 521
Opportunity to build a global network 413
All of the above 2
Others: “Get help for my field of study in animal reproduction” 1
Common responses of the ways how the information gathered was self-perceived to help the 
participants in their line of work/field of study No. of participants
Implement strategies and protocols in my workplace 1,036
Updating knowledge 888
Increase my knowledge of clinical guidelines to be followed 754
Improve my understanding of the protocols and the correct interpretation of results 665
Implement the quality control of instruments and procedures in my workplace 572
Help in conducting my current research 181
Learn about automated semen analysis 58
Increase the level of biosafety in my workplace 16
To do semen analysis in a standardized way 10
Implement the SOPs, follow the quality checks 2
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*** *** *** *** *** ***
Lecture 1: Leukocytospermia
: Sperm vitality
: Antisperm antibody test







: Retrograde sperm count






Fig. 8. Knowledge rating before and af-
ter taking Module 1. SD: standard devia-
tion. ***p<0.0001.
Ashok Agarwal, et al: Online Educational Model for Training in Semen Analysis
11www.wjmh.org
the quality control of instruments and procedures in 
their workplace, analyzing semen samples in a more 
standardized way, and increasing the biosafety level in 
their workplace.
DISCUSSION
The traditional ART training program organized by 
ACRM since 2004 has offered a unique opportunity 
for the participants to learn the latest techniques in 
routine and advanced Andrology along with the full 
spectrum of embryology-focused technology. In the 
last 18 years, the ACRM team has successfully trained 
over 200 candidates from more than 45 countries. The 
sudden disruption in face-to-face learning brought by 
the COVID-19 pandemic became an unexpected cata-
lyst to convert the yearly ART training from the well-
established traditional model to a fully online format 
for the first time.
The present study reports the quality of the first 
three ART training modules offered by the ACRM 
during the COVID-19 pandemic, which included mod-
ules on manual semen analysis, sperm morphology, and 
ancillary semen tests (evaluation of leukocytes con-
centration, sperm vitality and anti-sperm antibody). In 
recognition of the need for ART training to continue 
during the COVID-19 pandemic, the American College 
of Embryology (EMBCOL) supported ACRM’s efforts 
of creating a unique opportunity and providing an ac-
cessible platform for both local and global candidates 
who needed ART training. Participants who achieved 
the pre-set passing score in the online MCQ test at the 
end of each ART training module were issued a certifi-
cate of participation endorsed by both the ACRM and 
the EMBCOL.
The majority (>87%) of the survey participants gave 
ratings of either strongly agree or agree that the learn-
ing objectives were clear, the course content was well-
structured and had appropriate depth, and that as an 
overall, their expectations of the course had been met. 
When designing teaching and learning, good quality 
design is associated with the following: “clear learn-
ing objectives, carefully structured content, controlled 
workloads for faculty and students, integrated media, 
relevant student activities, and assessment strongly 
tied to desired learning outcomes” [14]. In the ART 
course herein presented, the first step in the creation of 
an outline for the components in each training module 
was to define clear objectives for the module as well as 
for each individual lecture within the respective mod-
ules. These specific objectives provided the broad struc-
ture for each module and the detailed topic covered. 
The learning objectives were designed to be clear cut 
and succinct. The course content and curriculum were 
created in a well-structured and comprehensive man-
ner and helped define the objectives for each module.
Based on this, it appears that the ACRM was able 
to adequately modify the content of its annual ART 
course to suit the current needs of students amidst the 
COVID-19 pandemic, by switching to an e-learning ap-
proach. This has been previously shown to be useful in 
medical education [15,16]. Overall, the structured online 
delivery model with clear cut objectives in the CO-
VID-19 era seems to have helped the trainees acquire 
the knowledge and skills of the subject matter related 
to Andrology despite the physical distancing.
The contents of the training modules comprised a 
collaborative effort between andrologists, reproductive 
biologists, and clinical male infertility experts to cover 
all the objectives of the course. The faculty involved 
in this online course was all established international 
experts in the fields of Andrology and human ART, as 
well as experienced technical supervisors at the ACRM.
Prior to each module, relevant course resources 
were shared with all registered participants. These 
pre-module reading materials were carefully curated 
by the ACRM for each specific module based on the 
importance and applicability of the resource material. 
There were several reasons for sharing the resources 
ahead of the course session. First, it allowed registered 
participants from mixed levels of competence to fa-
miliarize themselves with the key concepts that were 
going to be discussed during a particular ART train-
ing module. This approach prescribes to the cognitive 
load theory which describes how new learners possess 
a working memory with a limited capacity to process 
new information, while those who already have some 
prior knowledge on a topic advance by linking new in-
formation to pre-existing knowledge [17]. Thus, learners 
who are novices in a subject matter are quickly over-
whelmed when exposed to vast amounts of new termi-
nology and concepts in lectures. These learners usually 
end up relying on mere surface learning [18]. Moreover, 
having early access to the pre-module learning resourc-
es presented the participants with a sufficient window 
whereby to read and better understand the subject 
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matter at their own time and convenience. This could 
facilitate a deeper understanding, activate the ap-
propriate knowledge connections that the participants 
may have initially lacked and steer their attention 
towards capturing information more comprehensively 
during the actual online session. As such, participants 
who engaged with the pre-module reading material 
could potentially have found it 1) beneficial in making 
the course topics easier to understand and follow, and 2) 
helpful in connecting with the new concepts in a more 
meaningful manner [17].
Although guidelines for the semen analysis are pro-
vided by the World Health Organization manual [6], 
the semen analysis process is reported to be prone to 
error and inconsistencies, including collection of semen 
samples, laboratory evaluation, and reporting of the 
results [9]. Here, the adherence to these guidelines does 
not necessarily provide good reliability of results due 
to lack of standardized records, technician subjectivity, 
and poor technician competence [9]. A large variation 
in the results is also reported between different labora-
tories [19]. Professional training is essential to improve 
the reliability of relevant semen analysis tests, where 
online training tools have been proposed to meet the 
needs of shrinking ART training courses globally [20].
Participants were required to complete and pass 
the MCQ component to qualify for conferment of the 
certificate in each online training module. However, a 
small percentage of trainees stated that they did not 
participate in the online assessment as they were ei-
ther not well prepared or were not interested in taking 
the MCQ test. The goal of the MCQ test was to assess 
the understanding of the knowledge component of the 
candidates after the online training was provided.
The majority of the registered participants across 
all the three modules had taken the online MCQ test 
with very few opting not to do so. Based on participant 
feedback, one of the most common reasons given for 
not taking the optional MCQ test at the end of each 
module was the lack of stable internet access and/or 
intermittent connectivity. This is certainly a potential 
drawback of having an online assessment and this is 
discussed further below. Other reasons given by the 
participants for not having taken the MCQ tests were 
time constraints from concurrent work/study respon-
sibilities, and having found out about the course and/
or joining the training sessions very close to the actual 
training dates.
The collaboration between EMBCOL and ACRM in 
developing this new teaching format has also made it 
possible for the ACRM to share extremely specialized 
expertise and technical know-how freely with a wider 
global audience, thereby promoting the inclusion of 
participants regardless of their competencies or prior 
experience. Besides making the information accessible 
to a large audience, the online format of free training 
organized by the ACRM also merits the importance of 
having a common ground in male fertility evaluation 
worldwide, despite the financial ability to participate 
in specialized programs, which are usually very expen-
sive. This has been further confirmed by senior expo-
nents of the Andrology and Embryology fields, who 
have provided their endorsement of this innovative 
program through private communications with the 
course management.
Despite having several clear advantages, online 
teaching also presents with certain limitations. While 
theoretical knowledge could easily be delivered online 
through concise lectures, certain skills still require a 
hands-on approach to be developed. This is particularly 
true for semen analysis and any laboratory protocols, 
which can be learnt well only through repeated practi-
cal training and experience. Moreover, although each 
lecture in itself was relatively short, the total length 
of time taken for the entire series of lectures within 
each module was adequate enough to require the par-
ticipants to remain online for an extended amount of 
time. This presented a higher probability for the par-
ticipants to become disengaged and get distracted than 
they would during a conventional in-person meeting 
[21].
The ability to attend the online sessions may have 
also been challenging for some participants due to ei-
ther poor or unstable internet connectivity, or other 
reasons beyond the course management’s control. For 
example, access to the platform used to host the online 
training platform (WebEx) is restricted in some coun-
tries (such as Iran, Algeria, and Nigeria amongst oth-
ers) and therefore the participants from those regions 
had to rely on virtual private network (VPN) to ensure 
connectivity. During the first training session, this 
restriction resulted in a large number of candidates be-
ing unable to either complete the online MCQ test or 
they inadvertently obtained a lower score as they were 
in a rush to complete the test, fearing they would lose 
the internet access.
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Taking these challenges into consideration, from the 
second session onwards, several measures were imple-
mented to address the aforementioned issues when 
plausible. To navigate the connectivity issues due to 
restriction in certain regions, the team of coordinators 
was pro-active in providing VPN access to those par-
ticipants who faced difficulties in joining the training 
sessions via WebEx. Additionally, the time allotted for 
completing the MCQ test was also lengthened. The 
minimum score needed to pass the module was set at 
65%, although this score is considered akin to a grade 
D or grade point average (GPA) of 1.0 based on conven-
tional American standards [22].
Each module was run as a 2 hours training session 
followed by an hour of the MCQ test. In Modules 1A 
and 1, there were six 15-minute lectures followed by 
one 15 minute Q&A session, while Module 1B had four 
lectures of 15 to 30 minutes, with one 10 minute Q&A 
session. The tight schedules in these half-day training 
sessions were just right for the delivery of lectures. As 
a result, not much time was available for interaction 
between speakers and attendees, which limited the op-
portunity for the speakers to immediately address any 
questions or doubts that the participants may have 
had [23,24]. Hence, the management relied on the sur-
vey results to gather participant feedback and identify 
any weaknesses in the general organization of the 
training.
It must be kept in mind that the nature of surveys 
as a strategy for identifying areas of improvement 
may inherently be biased. Although the survey re-
sponses were anonymized before being analyzed, desir-
ability bias cannot be excluded [25]. This is linked to 
the human tendency of providing feedback which may 
be considered favorable by others. Another potential 
source of bias is the tendency of some participants to 
provide only extreme or neutral answers, which can-
not be realistically addressed [26]. Furthermore, only a 
moderate percentage of participants were from Eng-
lish-speaking countries. To limit this bias, the survey 
was extensively revised by a pool of international coor-
dinators as well as collaborators with large experience 
in teaching, to make each question understandable and 
unambiguous to an international audience. In future, 
the survey questions may also be translated into the 
first language of the participants in order to avoid 
comprehension bias.
CONCLUSIONS
In conclusion, we report our experience in utilizing 
a web-based delivery model as an alternative to the 
conventional in-person training which had enabled the 
ACRM to provide continuous education on a global 
platform. We have shown that the online training 
for certain ART-related modules can be conducted by 
means of providing expert-led video demonstrations, 
power point presentations, clinical lectures, and online 
interactive e-learning activities. Moreover, complex is-
sues in reproductive biology could be covered by inter-
play of both laboratory and clinical professionals. The 
application of several online-based communication tools 
such as WhatsApp, Dropbox and Cisco WebEx were 
instrumental in implementing the web-based delivery 
model.
Leading into the future, the success of this online 
training creates an emerging avenue for a blended 
form of learning with both in-person and online educa-
tion platforms for the Andrology and embryology spe-
cialties involved in ART training. The impact of hav-
ing a virtual modality in place of hands-on learning 
for ART laboratory professionals during the COVID-19 
requires further investigation to determine its effec-
tiveness by comparing to the traditional approach. This 
comparison will help improve the current strategies 
for teaching and learning in specialized fields like An-
drology. In fact, the inclusion of the best features from 
both hands-on and e-learning approaches will enhance 
the design and the implementation of future teaching 
strategies.
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